In Chinese document image processing, text and/or graphical block detection serves as an essential step in document layout analysis that in turn permits the e ective reasoning about the logical relationships among various text paragraphs and graphical entities for the purpose of document understanding. This paper presents a novel computational paradigm for extracting text/graphic blocks from Chinese document images, which is based on a notion of distributed autonomous agents. The primary features of the agents lie in that they are (1) adaptive to the locality of given images and hence e cient in locating the homogeneous image blocks, (2) reliable in performing image processing as the computation proceeds simultaneously from di erent image locations, (3) less sensitive to the noise in the given images as the computation disperses gracefully when it is moving away from the homogeneous blocks, and (4) easy to represent in their behaviors and evolvable in their performance. The paper, rst of all, describes the formalisms as well as behavioral characteristics of the agents, which is followed by a demonstration of the agents in detecting document blocks from some real-life images.
Introduction
In view of the increasing needs for processing large volumes of document information, various methods for automatic text segmentation and discrimination have been investigated 1, 2, 3, 5, 8, 9, 16, 17, 18, 25, 26, 27] . Among them, Hirayama 6] proposed an approach that could isolate text/ gure blocks by identifying character strings, grouping text lines with small spacing, and bounding text groups with blocks. Okamoto and Takahashi 19] presented a eld-separator based document segmentation approach. Two types of eld separators were used to partition a regular document, which included thin black lines and wide or long white spacing. These approaches made explicit assumptions about text line and column spacing as well as the regularity of the text and gure blocks. Yu et al. 29 ] developed a novel approach to processing unconstrained, irregular documents that allowed for a structural representation of various document blocks.
As one of the well-known algorithms for region identi cation, split-and-merge makes use of the geometric proximity information to isolate or separate homogeneous regions in an image. The classic formulation of the algorithm builds a quadtree in which the leaf nodes correspond to the homogeneous regions 21, 22] . Although it is computationally e cient, it su ers from the limitation of blind partitioning of the 1 regions during the intermediate segmentation process. There have been some e orts on improving the adaptiveness of the splitting and merging operations 20, 28] . However, most of the existing work focuses on the spatially compact representation of images in general, and very little has been done to investigate the e cacy of the methodology as well as the particularity of the implementation in the context of the document layout analysis. Chinese document segmentation is a challenging task in that the paragraphs in such documents may be composed of texts in a variety of fonts in addition to some embedded graphics, and hence di cult to set a global homogeneity threshold as in conventional image segmentation approaches (e.g., region segmentation based on split-and-merge). One possible way to deal with this di culty is to apply di erent operators to di erent text blocks catering to the speci c changes in the average block intensity gradients, and to do it in such an adaptive way that each operator is only triggered by the desirable locality of the documents.
The goal of this paper is to propose and illustrate an approach to Chinese document segmentation that is in essence developed based on the above-mentioned motivation. In particular, it presents a novel idea of distributed image segmentation based on several classes of autonomous agents, where each class is responsible for the extraction of a speci c type of blocks. In extracting the image blocks, the classes of agents will exhibit several reactive behaviors in response to the local condition of the given image. It is due to such reactive behaviors that the adaptability of image segmentation is achieved.
Organization of the Paper
The remainder of the paper is organized as follows: Section 2 describes the essential formalisms as well as the important principles for de ning and implementing the agents for document segmentation. Section 3 presents several examples of such agents. Section 4 discusses the main characteristics of the proposed agents approach and compares it with other conventional approaches. Finally, Section 5 concludes the paper by highlighting the major contribution of this paper as well as some natural and logical extensions from the present work.
The Agents Approach
In this section, we provide a description of the proposed agents approach to Chinese document image segmentation. In doing so, we rst give an overview of the agents, which is followed by a more detailed presentation of the behavioral control algorithm and the reactive behaviors involved.
An Overview
The proposed agents for Chinese document segmentation are basically autonomous agents that operate at individual image pixels based on an evaluation of the image intensity at their neighboring regions. In response to the condition as detected within their neighboring regions, the agents will activate some of the following reactive behaviors: 1. Labeling a homogeneous block with feature-markers: Whenever an agent nds that its neighboring region satis es the speci c condition of a homogeneous block, it will place a marker at its present pixel. 2 2. Generating and distributing new agents based on self-reproduction: At the same time as it places a feature marker, the agent will also self-replicate a nite set of o spring agents within its neighboring region, in a direction as inherited from the self-reproduction direction of its parent and at randomly generated distances. 3. Searching a homogeneous block based on di usion: Whenever an agent fails to locate a pixel that belongs to the block to be found, it will move to a new location within its neighboring region in a direction as inherited from its parent and at a randomly generated distance. 4. Aging: Each active block-nding agent has a nite life-span; whenever it executes a di usion behavior, its age will increment accordingly. Once its age is equal to a prede ned life-span, the agent will be inactivated and vanish from the image.
The above may be summarized in the form of a schematic diagram that outlines the behavioral reactions of the agents to their local image conditions:
feature-marking + self-reproduction % local stimuli & randomized search + decay (1) Taking a feature-extraction agent as an example, if the agent of a certain feature sensitive class reaches the desired feature, it will permanently \inhabit" at that feature, and proceed to reproduce within its immediate neighboring region. In the present work, we assume that the reproduced o spring inherits all the behavioral characteristics of the parent agents except their ages. As the reproduced agents randomly move away from their current locations, some of them may encounter the desired image features again, and hence the reproduction cycle repeats itself, while others whose ages exceed a certain threshold will vanish.
Document Images as Agents Environments
A document image is a two-dimensional rectangular grid lattice where each of the 8-connected grids corresponds to an image pixel. In our proposed agents model, this two-dimensional lattice provides an environment for an agent to inhabit and evolve. In this environment, the agent may self-reproduce o spring, randomly move to adjacent locations, or vanish, in response to the image characteristics of its local neighboring region. In this respect, we regard the behaviors of the agent as being reactive, as they are entirely activated, and hence determined, by the locality of the agent environment.
An Algorithm for Agent Sensing and Behaving
In the proposed agents model, an agent is designed in such a way that it continuously senses its surrounding environment by evaluating the intensity characteristics of the neighboring pixels, such as their relative contrast, regional mean, and/or regional standard deviation, and determines and executes its behavior according to the results of such a sensory feedback. Here the local image characteristics are also called the local stimuli of the agent. In other words, if the evaluation of the local neighboring region shows 3 the local stimuli satisfy a speci c behavioral triggering condition, the agent activates its corresponding behavior. Figure 1 presents an algorithm for the behavioral control of agents.
Behavioral Triggering Conditions
As mentioned in Section 2.1, the behaviors of agents are triggered by the local stimuli of the agents whenever the stimuli satisfy certain conditions. In the case of Chinese document segmentation, we utilize the following three types of triggering conditions; namely, To be more speci c, the relative contrast stimulus is de ned in terms of the following expression:
where g(i; j; k; l) = n 1 if kI(i; j) ? I(k; l)k , 0 otherwise.
and (i; j) denotes the current location of an agent, and R (i;j) region denotes the radius of the sensing region, i.e., the immediate neighboring region of the agent.
As for the regional mean and the regional standard deviation, the de nitions are straightforward, and are respectively listed below:
and,
where (i; j) corresponds to the current location of an agent, and N denotes the number of pixels within the agent neighboring region of radius R (i;j) region .
Adaptation to Image Locality
The distributed agents as used in Chinese document segmentation adapt to their local image environments by way of switching in between two behaviors; namely, self-reproduction (SR) of their o spring within the local neighboring regions and di usion (DIFF) to a new location also within such regions. For instance, if an agent detects at an image pixel that its local stimuli satisfy the condition of a certain homogeneous segment, it will reproduce a nite number of o spring agents within its neighboring region in a speci c direction. That is, input: A document image of size U V , in which each pixel has a gray-level value output: Markers over the detected segment pixels randomly distribute an initial set of agents, fa (0) i g, over the image assign the initial agent set to the active agent set: A fa (0) i g while A where ! andr denote the selected direction that corresponds to one of the evenly divided directional sectors in and the distance for placing an o spring agent, respectively. This self-reproduction behavior e ectively enables the newly created o spring to be distributed near the pixel location that meets the homogeneous de nition, and therefore increases the likelihood of further segment detection. Figure 2 (a) illustrates the self-reproduction behavior of an agent. The direction vectors of selfreproduction by the agent (and subsequently by its o spring) depend on an updating mechanism as to be described in Section 2.3.4.
Biased Randomized Search
As can be noted in the preceding section, some of the created o spring may not immediately nd a pixel location of the homogeneous segment. In such a case, these agents will exhibit a reactive behavior of di usion by moving to a new location within the neighboring region of its previous location in a speci c direction. The di usion behavior may be formally represented as follows: (10) where denotes the selected direction of di usion that corresponds to one of the evenly divided directional sectors in , andd denotes the distance of di usion. As illustrated in Figure 2 (b), in the attempt to search for a new location of the homogeneous segment, the di usion behavior may be viewed as a randomized positional mutation in that the length of di usion is randomly generated as long as it falls within the neighboring region. However, this search behavior is subject to the following two biases: (1) the movement direction is statistically computed based on those of the parent agents that have previously succeeded in nding the homogeneous segment, and (2) the searching agents remain to be close to the location of their parent despite of subsequent di usion motions. In this respect, the di usion behavior is essentially a biased randomized search behavior that plays an important role for the agents to nd the pixels of homogeneous segments within the two-dimensional lattice.
The Behavioral Evolution of Agents
In the above discussion, we have mentioned that the directions for the agent self-reproduction and di usion are determined from the directions of the successful parent agents. Such a mechanism for direction selection constitutes the essential means for evolving agent behaviors from \high-tness" (i.e., successful) agents. In what follows, we provide the details on the computational scheme involved. First, let us suppose that a grandparent agent a (g? 1) i of generation g ? 1 has produced a set of parent agents fa (g) ij g. This set further produces the o spring of generation g + 1, as denoted by fa (g+1) ijk g. In such a case, we will update the directions of self-reproduction and di usion by agent a The asexual selfreproduction of an agent is triggered by the external stimuli in the environment as computed from the density distribution of their neighboring pixels of certain gray-level intensity values. The process of self-reproduction and di usion repeats during the evolution of the agent population. (b) An agent of age 3 di uses to its neighboring region of the two-dimensional lattice. After each di usion step, the age of the agent will be incremented by one. The process of di usion provides a chance for the agent to search the pixels of homogeneous segments from the locations of its parent. Here the directions of selfreproduction and di usion are determined from direction vectors as computed from those of previously selected high-tness parent agents (see Section 2.3.4).
Before
Next, we denote the probabilities as associated with direction sectors ! and , respectively, for selfreproduction and di usion by agent a 
Agent Convergence
According to the behavioral control algorithm as given in Figure 1 , when an agent encounters a pixel pertaining to a homogeneous segment, it will leave a marker to signify that the current pixel belongs to a segment satisfying a certain homogeneity criterion. This can also be expressed as follows: The number of markers as for labeling a particular segment will gradually increase from zero at the beginning to a xed constant at the end when all the pixels of this segment are found and then labeled by active agents. During the course when the number of markers is approaching to a steady state, the active agents that fail to nd a homogeneous segment after several designated steps will also vanish from the document image environment. The latter is controlled by the age of an agent. That is, if the age of the agent exceeds its life-span, it will abort further segment-searching movements in the two-dimensional lattice environment. This reactive behavior may be represented with the following expression: DEATH : IF R (i;j) region 6 = triggers AND age life span THEN a t (i; j) =) null (14) In our proposed agents approach to Chinese document segmentation, the death or vanishing behavior is necessary in order for agents to avoid endless trial-and-error and hence reduce the wasteful computation to as minimal as possible.
3 Experimental Validation
The preceding section has provided a model of the agents covering their behavioral control algorithm as well as their reactive behaviors. While giving the representation, we also paid special attentions to the global dynamics of the agents, including those of o spring, active agents, and markers, during the course of region segmentation, and noted that these dynamics are essential in optimizing (i.e., bringing down) the computational costs. Such global dynamics are readily manifested through a collection of individual agents with the reactive behaviors of self-reproduction, di usion, marking, and vanishing. As a validation of the proposed approach, in this section we shall present some experiments in which real-life Chinese document images have been used and tested with the proposed agents approach. For each of the images, we shall describe how various classes of homogeneous region searching agents are de ned, and examine a series of intermediate steps of the agent computation in order to understand at a global level how the agents-based segmentation actually works. Figure 3 presents a 260 300 256-gray-level digital document image, which was used as the grid lattice for our agents. This image contains a large font document heading, followed by several paragraphs of small font texts and one inserted graphical illustration. The objective of this segmentation task was to isolate the above-mentioned components of the document from its background. In doing so, we would like to distinguish the texts from the graphical illustration, and further the large font texts from the small font texts. Here we were particularly interested in the regions where various components might be located; the exact sizes as well as the exact shapes of the graphical objects were not our concern. Such a segmentation of various document components would serve as an important pre-processing step for the further logical analysis of the identi ed components as well as the understanding of the document.
The Segmentation Task

The Agents
In handling this particular task, we developed four classes of agents that simultaneously co-existed and co-evolved in the given image. These four classes are: where the life span of each agent class was set in view of the general requirement for the biased randomized searching; the greater the life span the greater the positional mutation would be in searching for a homogeneous location.
In order to show the e ects of the parameter setting on the nal outcomes of segmentation, in what follows we present the experimental results as obtained under two sets of conditions corresponding to two sets of agent triggering conditions; namely:
Triggering condition set 1: Agents with a small sensing region. mean (i;j) region=9 9 > 218 (38) std (i;j) region=9 9 < 1 (39) Figure 3 : The gray-level document image to be segmented.
In both experiments, an initial group of around 300 agents from each class was randomly distributed in the two-dimensional grid lattice. The number of o spring that could be reproduced by a parent agent was set to 8.
Experimental Results
What follows presents the experimental results obtained under the aforementioned two experimental conditions. Figure 4 gives several snapshots of the active agents as well as agent markers during the course of distributed segmentation. In the gure, the marker regions are shown as the simultaneously enlarging darker regions, whereas the active agents may be identi ed from the small dots in the image and/or the layers of the region boundaries.
Agents with a Small Sensing Region
From the beginning of execution until the ages of the rst batch of agents reached their life-span, marker regions grew considerably fast, as many of the di using active agents found the locations of certain homogeneous regions, and at the same time also generated new active agents as a result of continuous self-reproduction. Hence the largest number of the active agents would be found at the time when the rst batch of the agents vanished. From Figure 4 , it can readily be noted that a signi cant number of 11 active rst-class agents were di using within the small font text region. This has been con rmed from the recorded population changes of individual agent classes as shown in Figure 5 (a).
The active agents generated during the initial period played an important role in region growing. As shown in Figure 5 (b), large proportions of the markers for di erent regions were in fact generated during this period (e.g., t = 0 12). In the following period (e.g., t = 13 25), the remaining locations of homogeneous regions were found by some of those active agents, while others that were unsuccessful would start to vanish. Figure 6 shows a representation of the segmented regions for the given document image, which was obtained at time 70 when all the populations of agents and markers were stabilized. Four types of regions were marked; namely, the heading texts, the small font text lines, the graphical illustration region, and the large background region. Note that several white regions were left out that corresponded to the small space in between the text lines and the graphical components. The smaller white dots could further be removed if so desired.
Agents with a Larger Sensing Region
This experiment was aimed to show the e ect of enlarging the agent sensing region on the segmentation performance. For the sake of comparison, Figures 7-9 provide a series of agent snapshots, agent population curves, marker curves, and nal segmentation result, respectively. 14 Since in this case the behavioral triggering conditions were computed from within a larger neighboring region, adjacent locations in the given image were more likely to satisfy homogeneity criteria. Therefore, homogeneous region markers would grow relatively faster than the preceding case, as shown in Figure 7 (when t = 4; 10; 20), and also be better connected, as shown in Figure 9 . For the same reason, the active agents would require fewer di usion steps in order to locate a certain homogeneous region. This is particularly apparent in the case of the rst-class agents for handling less connected texts, where the active agents readily marked a larger homogeneous region for the small font texts without much searching. Hence, if we compare the population curve of the rst-class agents in Figure 8 (a) with the one in Figure 5 (a), we can immediately notice that the number of di using agents (i.e., accumulated active agents during the initial period) is relatively smaller.
From Figure 8 (b), we also note that the number of homogeneous region markers as generated by the rst-class agents became stabilized at about time 20, while the overall steady segmentation was achieved at time 40 ? the nal result at time 40 has been given in Figure 9 .
Discussions
In this section, we provide several general remarks about the performance of the proposed agents approach, based on the earlier descriptions of the agents model and its experimental validation.
The Characteristics of Agents
In addition to the earlier-mentioned validation example, we have also tested the agents-based document segmentation approach with a number of real-life images that contain di erent types of regions, namely, (a) texture-like regions, (b) small and localized regions, (c) large complex-shaped regions, (d) regions of varying homogeneity, and (e) connected narrow regions. From the experimental results that we have obtained, we can readily note the following characteristics of agents:
1. At any time, the active agents sense and react to only a small number of pixel locations, and use these locations as seed samples to decide whether or not a certain region contains a homogeneous segment to be searched for. 2. If the region is found not to contain a homogeneous segment, the agents will no longer visit it again after the current active agents abort their searching. In other words, the agents that seek to nd one particular segment tend not to visit other types of homogeneous segments. 3. The population of the agents that seek to nd a certain homogeneous segment tends to grow exponentially in the regions that contains such a segment.
A Comparison with Conventional Segmentation Approaches
In conventional region growing approach, image regions are found by gradually growing a seed region from one pixel to another. Since this approach heavily depends on the connectivity of the regions, it could be slowed down in dealing with complex-shaped or less connected regions. In our present approach, we allow a successful agent to self-reproduce and then distribute its o spring within a local region. Hence, 15
(t = 1) (t = 2) (t = 3) (t = 4) (t = 10) (t = 20) Figure 7 : The extraction of regions from the originally given image based on the proposed agents. Note that the triggering condition for the behaviors of an agent is computed from its 8-connected neighbors of a 9 9 or 11 11 region. The snapshots show the evolution of the agent population as well as their markers over the two-dimensional lattice at time 1, 2, 3, 4, 10, and 20, respectively. After time 20, the majority of markers had been generated. the region growing will not be limited to a one-to-one \propagation", but instead, it embarks on a oneto-many exponential growth. It is because of such a distribution that the e ciency of segmentation will not be a ected by the local connectivity of the segment region.
Another commonly-used segmentation approach is split-and-merge, in which image regions/subregions are continuously divided and evaluated, and adjacent homogeneous regions are simultaneously merged. One major di erence between this approach and ours lies in that the former repeatedly performs the homogeneity testing over the subdivided regions and therefore one local region could be checked several times. Furthermore, the resulting merged segments would largely depend on the way in which the splitting operation is performed and how the homogeneity criterion is de ned, hence it could be very coarse to represent complex segments, whereas in our approach both segment variations and the locality of individual segments are well respected. In the split-and-merge approach, since only one homogeneity criterion is de ned for the operations, it is sometimes quite di cult to ne-tune (i.e., to trade-o ) the parameters in order to separate the segments while eliminating false segmentation due to image noises.
In addition to the above, another important feature of the proposed approach consists in that input document images can be analyzed in a distributed way, which is quite natural for parallel implementation and processing. In the case of parallel processing, the time complexity and e ciency of the proposed approach may be measured in terms of the number of steps required for the agents to concurrently extract all the homogeneous regions, as may be observed from 
Relation to Previous Work
Generally speaking, distributed agents as a model for computation is a newly-explored area of research that studies the emergent behaviors in a lattice of nite automata in which autonomous agents react locally according to a set of behavioral rules 4, 10, 11, 12, 13, 14] . Shanahan 23] has investigated a class of evolutionary automata in which a population of agents evolves in a microworld of square grid locations. The characteristics of Shanahan's evolutionary automata consist in that a sequence of states in the microworld can be non-deterministically generated by repeatedly executing four local procedures, namely, cease to exists, moves, meals and births. Tamayo and Hartman 24] have applied computational agents to model reaction-di usion systems from which interesting space-time patterns reminiscent of chemical turbulence, solitons and self-excited oscillations can be constructed and observed.
The self-reproduction and di usion scheme of the proposed agents may also be viewed as analogous to one of the operations commonly used in Genetic Algorithm 7, 15], namely, mutation. From the point of view of evolutionary computation, our approach utilizes certain sensitive locations as a selection screening constraint; agents that have high tness are selected while those that have low tness gradually disperse and vanish in space and time due to decay.
Conclusion
In this paper, we described a novel approach to Chinese document image segmentation that drew upon distributed autonomous agents. We experimentally examined the evolution of agents in digital image environments. As it was shown in our experimental validation, when the internal behavioral parameters, such as values, were tuned to particular values, interesting phenotype of the agents can readily be observed which corresponded to the locations of various segments in the images. In particular, the proposed approach is capable of exhibiting several important features; namely, adaptability to image locality, ability to segment the image with di erent homogeneity criteria, and reliability to nd the homogeneous text/graphical blocks. At the same time, the behaviors of agents are easy to represent and straightforward to implement. One of the immediate extensions as well as improvements based on our present work would be to investigate the possibility of automatic mechanisms for agents to gradually evolve optimal behavioral parameters such as the number of o spring and life-span. This may be viewed as the meta-evolution of the agents. Other future work would consist of in-depth, quantitative comparisons with some existing approaches and a detailed time-complexity analysis for the proposed distributed approach.
